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(54) Controller for driving a permanent magnet type synchronous motor 



(57) A motor terminal voltage or IPM input voltage 
necessary to achieve a target operating point (T*. N) is 
computed based on torque command (T*) and motor 
revolution (N). When the computed voltage (V) exceeds 
an actual battery voltage (VB), a booster is inserted be- 
tween the battery ( 1 2) and IPM (14), and the battery volt- 



age, after being boosted, is applied between the direct 
current terminals of the IPM (14). Since the motor ter- 
minal voltage can be made so as to not exceed the 
boosted voltage even if the motor terminal voltage rises 
along with a rise in revolution (N) and speed voltage 
(©•E0), field weakening control becomes unnecessary. 
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Description 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 5 

The present invention relates to a controller for driv- 
ing a permanent magnet type synchronous motor (here- 
inafter referred to as a PM motor). 

TO 

2. DESCRIPTION OF THE RELATED ART 

There is a strong demand for the miniaturization of 
vehicle driving motors for electric vehicles. A PM motor 
is a type of motor that uses permanent magnets as a is 
generating means for excitation magnetic flux and is 
characterized by having a large field magnetomotive 
force per unit volume. Therefore, since the PM motor is 
easier to miniaturize than other types of motors, various 
electric vehicles using the PM motor as the driving motor 20 
have heretofore been proposed. 

Vector control is widely used as a method for con- 
trolling the vehicle driving motors of electric vehicles. 
Vector control is a method where target control is per- 
formed by separating the motor current IM into a torque 25 
current component Iq and a field current component Id. 
Of these components, Iq generates a torque (magnet 
torque) from an interaction with the main flux, namely, 
the excitation magnetic flux obtained at the permanent 
magnet. Id generates the excitation magnetic flux that 30 
partially strengthens or weakens the main flux. If the mo- 
tor has pole saliency, Id also generates a torque (reluc- 
tance torque) proportional to ld»lq. 

When using vector control in a system having a bat- 
tery for a power supply, such as an electric vehicle, the 35 
following problems arise. First, within the motor, the 
main flux EO interacts with the winding at a rotor angular 
velocity co of the motor. A voltage induced in the winding 
by this interaction is called a speed vortage. The speed 
voltage is an electromotive force that is directly propor- 40 
tional to the rotor angular velocity co of the motor and 
can be expressed as co*EO. Therefore, as the rotor an- 
gular velocity co of the motor rises, the speed voltage 
co»E0 also rises. As the speed voltage co*E0 rises, the 
voltage across the ends of the winding rises, and in turn 45 
the terminal voltage of the motor rises. If the terminal 
voltage rises significantly so as to exceed a value cor- 
responding to a battery voltage VB, which is the supply 
voltage, it can be appreciated that a load is placed on 
the circuitry and electrical components located between 
the motor terminals and the battery. To avoid this load, 
the rotor angular velocity co or the revolution N of the 
motor must be limited so that the terminal voltage of the 
motor does not exceed the value corresponding to the 
battery voltage: This sort of limitation on the operable 
revolution range is, in other words, an upper limit on the 
speed range that can be attained in an electric vehicle. 

A method called field weakening control has been 



the most widely used method to solve this sort of prob- 
lem and is presently handled partially using vector con- 
trol. Field weakening control is a method for generating 
the excitation magnetic flux in a direction that weakens 
main flux EO through control of Id when rotor angular 
velocity co of the motor is high, and for further extending 
the operable region of the motor to the field weakening 
range at the high revolution side (refer to Fig. 6). Using 
this method, a high revolution region can be covered 
even for a motor with a relatively small output. Vector 
control also includes a mode based on an absolute val- 
ue and torque angle, which is equivalent to the mode 
based on Id and Iq, so no distinction is made between 
them in this application. 

Although field weakening control features this sort 
of advantage, it also results in a drop in efficiency. First, 
field weakening control increases the absolute value of 
id at high revolutions. As mentioned earlier, Id is a cur- 
rent component that contributes little or nothing to 
torque generation. Thus, if Id (hereinafter referred to as 
a field weakening current) is excessively large when 
field weakening control is performed, loss increases. 
Conversely, if the field weakening current is excessively 
small, it hinders the achievement of the original object 
of the field weakening. In other words, the circuitry and 
electrical components provided between the motor ter- 
minals and battery, such as a power converter for motor 
output control, is subjected to stress so that the required 
Iq cannot be output. As a method to resolve these prob- 
lems, the assignee for the present invention has previ- 
ously proposed a method for varying the value of the 
field weakening current according to VB (refer to Japa- 
nese Patent Laid-Open Publication No. Hei 7-107772). 
According to this method, the loss generated in field 
weakening control can be minimized and optimized in 
the relationship with the voltage or the state of charge 
of the battery. However, as long as field weakening con- 
trol is performed, the generation of loss caused by the 
field weakening current and the resulting drop in system 
efficiency cannot be eliminated. 

SUMMARY OF THE INVENTION 

An object of the present invention is to render field 
weakening control unnecessary by newly employing a 
method to boost battery voltage so as to achieve an im- 
provement in system efficiency. Another object of the 
present invention is to maintain an operable speed 
range for the PM motor at or beyond the conventional 
range by performing booster control in accordance with 
the position of the target operating point of the PM motor. 
Another object of the present invention is to suppress 
the of loss in the booster so as to further improve system 
efficiency by not performing boosting when the battery 
vortage is low. Another object of the present invention is 
to achieve a more automatic system by providing a 
means for autonomously bypassing the booster. Anoth- 
er object of the present invention is to permit bypassing 
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of the booster, for instance when it becomes necessary 
for regenerative braking, by providing means to forcibly 
bypass the booster. Another object of the present inven- 
tion is to obviate an inrush prevention circuit through the 
use of the booster. s 

A driving controller, which is assumed in this inven- 
tion, employs a power converter which is connected be- 
tween a battery and a PM motor for converting VB to IM 
in order to control the PM motor. A preferred embodi- 
ment of this invention includes a booster, judgment 10 
means, and output region extension means. The boost- 
er boosts VB before it is supplied to the power converter 
and in accordance to a command. The judgment means 
determines, based on the detected value of VB, whether 
or not the target operating point of the PM motor is within fs 
the output region. If the target operating point is judged 
to be outside the output region by the judgment means, 
the output region extension means extends the output 
region so that the target operating point is within the out- 
put region by issuing a command to the booster in ac- 20 
cordance with the position of the target operating point. 
In this embodiment, for example, VB is boosted so that 
the target operating point is included in the output region 
when the target operating point of the PM motor is lo- 
cated more towards the high revolution side of the out- 2s 
put region under the present VB. Therefore, in the meth- 
od of this invention where the generation or increase of 
Id is prevented, the occurrence of loss caused by Id and 
the resulting drop in system efficiency can be obviated. 
Since the method of this invention has the same type of 30 
field weakening control with respect to extension of the 
power driving region, the operable speed range of the 
PM motor can be maintained at or beyond the conven- 
tional range. 

This invention is not limited to configurations that 35 
always use a booster, and also covers, for example, 
configurations that bypass the booster when boost is not 
performed or regenerative braking is performed. For ex- 
ample, an autonomous gate element (such as a diode) 
for forming or interrupting a conduction path, which does 40 
not go through the booster, in accordance with a voltage 
difference before and after the booster may be provided 
between the battery and power converter. This makes 
it possible to bypass the booster with the autonomous 
gate element when it is not necessary to perform boost. 45 
In other words, boost is not performed when VB is low 
so that the generation of loss in the booster is prevented 
and the system efficiency can be further improved. Fur- 
thermore, since the bypass formation and interruption 
is performed autonomously, namely, automatically by so 
the autonomous gate element, a control apparatus or 
procedure for this purpose is unnecessary. Alternatively, 
a controllable gate element (such as athyristor) for form- 
ing or interrupting the conduction path between the bat- 
tery and power converter and which does not go through ss 
the booster according to a command, and a means for 
supplying a command to the controllable gate element 
when the target operating point is on the regeneration 



side so as to forcibly form the conduction path may be 
provided, to enable the booster to be bypassed as nec- 
essary, such as for regenerative braking. 

This invention is not limited to configurations that 
use the booster only for boosting, and also covers, for 
example, configurations that perform formation of re- 
generation path with the booster. For example, a circuit 
is used for the booster comprising a passive element 
(such as a boost reactor) for storing the energy dis- 
charged from the battery, and an active element (such 
as a transistor) for selectively connecting the passive 
element to one of the positive and negative input termi- 
nals of the power converter according to a command. In 
this manner, these elements can be used in the forma- 
tion of the path during regeneration. Furthermore, the 
inrush prevention circuit, namely, a circuit for preventing 
current due to the charging of the smoothing capacitor 
generally provided between the direct current terminals 
of the power converter can be obviated by the use of 
these elements. For example, by issuing the command 
to the above-mentioned active element in accordance 
with the result of the judgment at the judgment means 
and with the position of the target operating point when 
the target operating point is on the power driving side 
and by issuing the command so that a current path 
through the above-mentioned passive element is 
formed between the above-mentioned battery and 
above-mentioned power converter when the target op- 
erating point is in the regeneration side and/or when the 
permanent magnet type synchronous motor is to be 
started. 

This invention is not limited to inventions relating to 
driving controllers and can be also presented as driving 
control methods, driving apparatus, driving methods, 
power supply apparatus, power supply methods, and so 
forth. Furthermore, although the application to a pure 
EV is hypothesized in the description herein, this inven- 
tion is applicable to various applications, whether for in- 
dustrial-use or consumer-use, in addition to electric lo- 
comotives and so-called hybrid vehicles. The perma- 
nent magnet type synchronous motor, which is the con- 
trol object, is not limited to three-phase alternating cur- 
rent motors or to the type using the reactance torque. 
Furthermore, although a configuration has been de- 
scribed below where the output torque of the motor is 
placed under open loop control based on the detected 
revolution, this invention is also applicable to configura- 
tions where the control of revolutions (speed control) is 
performed instead of the control of output torque (torque 
control), to configurations where closed loop control is 
performed instead of open loop control, as well as to 
configurations where control is performed based on pre- 
dicted revolution instead of detected revolution. In addi- 
tion, although the operating point of the motor was chief- 
ly represented in a torque-revolution space, it may be 
represented in another type of space such as a motor 
voltage -current space. Although an example was given 
where the battery voltage is boosted so as to exceed 
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the counter electromotive force of the motor, the battery 
voltage may be dropped in one part of a high voltage 
region. Furthermore, although an example was given 
where voltage boosting (or dropping) is not performed 
during regeneration, it may be performed by using 
switching elements within the IPM, for example, various 
modifications are possible in specific configurations of 
the voltage boosting or dropping circuit. Firstly, by using 
a circuit featuring both voltage boosting and dropping, 
the element, such as a switch, diode, orthyristor, for by- 
passing the booster can be obviated. Secondly, instead 
of a parallel circuit of diode and thyristor in the first em- 
bodiment described below, an element, such as a bidi- 
rectional thyristor, may be used. Although details re- 
garding the operation of the booster were omitted, the 
operation is widely known to those skilled in the art. 
Modifications to the embodiments described below, in 
particular those relating to the ones given here, can be 
easily implemented by anyone skilled in the art accord- 
ing to the disclosure of this application. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a system block diagram of an electric ve- 
hicle according to the first embodiment of this invention. 

Fig. 2 is a torque-revolution space diagram showing 
a principle of output region extension and system effi- 
ciency improvement according to this embodiment. 

Fig. 3 is a flow chart showing the flow of operation 
of a controller according to this embodiment. 

Fig. 4 is a flow chart showing the flow of operation 
of a controller according to this embodiment. 

Fig. 5 is a system block diagram of an electric ve- 
hicle according to a second embodiment of this inven- 
tion. 

Fig. 6 is a torque revolution space diagram illustrat- 
ing field weakening control of the prior art. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A preferred embodiment of the present invention is 
described below with reference to the drawings. 

Fig. 1 shows a system configuration of an electric 
vehicle relating to an embodiment of the present inven- 
tion. In this embodiment, a three-phase PM motor 10 is 
used as a vehicle driving motor. The driving power of 
motor 10 is supplied from a battery 12 through an intel- 
ligent power module (IPM) 14. In other words, the power 
discharged from the battery 12, after being smoothed 
by a smoothing capacitor C, is converted by IPM 14 from 
direct current to a three-phase alternating current, and 
the resulting currents iu, iv, and iw are supplied to the 
individual windings of motor 10. The output torque of 
motor 10 is controlled by a controller 16 by generating 
switching signals in accordance with pedal or lever op- 
erations of the accelerator, brake, gearshift, and so forth 
by the vehicle operator, and in accordance with the rev- 



olutions (or rotor angular position) of motor 10 detected 
by a rotation sensor 18, such as a resolver, and control- 
ling the switching pattern of switching elements in the 
IPM 14. By executing this sort of control, the motor 10 

s can output the torque requested from the vehicle oper- 
ator by operation of the accelerator etc. To perform this 
control, respective phase currents.iu, iv, and iwof motor 
10 are detected by current sensors 20u, 20v, and 20w, 
which are provided to correspond to the various wind- 

10 ings of motor 10, and fed back to controller 16. 

Furthermore, an inrush prevention circuit 22, a di- 
ode Df, a thyristor Dr, and a booster 24 are provided 
between battery 12 and IPM 14. Among these, inrush 
prevention circuit 22 suppresses or prevents the inrush 

is current that flows due to the charging of smoothing ca- 
pacitor C immediately after battery 12 is connected to 
IPM 14, and comprises two switches SW1 and SW2, 
which are connected in parallel and which turn on and 
off in accordance with the operation of ignition (IG), and 

20 resistor Rs, which is connected in series with switch 
SW2. Furthermore, booster 24, which represents one 
characteristic of this invention, boosts terminal voltage 
VB of battery 12 to a higher voltage VI under control of 
controller 16 and applies VI to the direct current termi- 

25 nals of IPM 14. Diode Df is provided to bypass booster 
24 when a large potential difference is not being gener- 
ated between the input and output terminals of booster 
24, namely, when the booster 24 is not performing the 
boost operation. Thyristor Dr turns on and off according 

30 to a signal supplied from controller 16 and thereby gen- 
erates a current path of a direction opposite to that de- 
termined by diode Df. Drawing reference numerals 25 
and 26 represent voltage sensors for detecting VB and 
VI, respectively. One compositional example of booster 

35 24 shows two transistors Tr1 and Tr2 connected in se- 
ries between the direct current terminals of IPM 14 along 
the forward direction relative to VI, diodes D1 and D2 
connected in parallel to these transistors along the re- 
verse direction relative to VI , and a boost reactor L of 

40 which one end is connected to the connection point be- 
tween transistors Tr1 and Tr2 and the other end is con- 
nected to the battery 12 side. 

Fig. 2 illustrates the principle of output region ex- 
tension of the motor 10 in this embodiment. The region 

45 indicated by region A in this figure is equivalent to the 
region indicated by the normal field region in Fig. 6. 
Heretofore, the output region of motor 10 was extended 
for characteristics indicated by the solid line in Fig. 2, 
namely, until the region indicated by the field weakening 

50 region in Fig. 6, by increasing field weakening current 
Id in accordance with the rise of motor revolution N. In 
this embodiment in contrast, independent of the control 
of Id, the output region of motor 1 0 is extended by control 
of booster 24. In other words, when the present target 

55 operating point (T,N) is located on the high revolution 
side from the region that can be achieved with the 
present VB or VI, the boost ratio by booster 24 in this 
embodiment is increased so that the output region of 



4 



7 



EP 0 825 059 A2 



8 



motor 10 broadens, in such a manner as from region A 
to B, from B to C, and further from C to D. Since the 
control of Id is not necessary to broaden the output re- 
gion based on this principle, a reduction in system effi- 
ciency due to the conventional field weakening control 
does not occur. 

An example of procedures to be executed by con- 
troller 16 in order to implement this sort of principle is 
shown in Figs. 3 and 4. First, as shown in Fig. 3, con- 
troller 16 turns on switch SW2 in inrush prevention cir- 
cuit 22 immediately after IG is turned on, and after a 
short period of time turns on switch SW1 (100). In other 
words, for a. short period of time immediately after IG is 
turned on, smoothing capacitor C is charged through re- 
sistor Rs as a charging resistance, and at a point where 
smoothing capacitor C is considered to be sufficiently 
charged, SW1 is turned on and both ends of resistor Rs 
are shorted. Thereafter, the operation of controller 16 
transfers to a series of repetitive procedures for the out- 
put torque control of motor 10. 

When controlling the output torque of motor 1 0, con- 
troller 16 first inputs signals (102) from various parts of 
the vehicle. For example, accelerator angle, braking 
force, position of gear shift lever, motor revolution N, mo- 
tor currents iu, iv, and iw, battery voltage VB, IPM input 
voltage VI, and so forth are input. Thereafter, controller 
16 determines a reference torque T* (104), namely a 
target value of torque to be output from motor 1 0, based 
on the information of accelerator angle, braking force, 
gearshift lever position, motor revolution N, and so forth. 
Controller 16 determines a reference current (ld*.lq*) 
based on reference torque T* specified in this manner 
and so that the system efficiency of motor 1 0 is maxi- 
mized. Of the reference current mentioned here, Id* is 
a command relating to field current component Id, and 
Iq* is a command relating to torque current component 
Iq. Controller 16 uses the reference current (ld*,lq*) de- 
termined in this manner to perform adjustment of IPM 
input voltage VI (108), then outputs signals (110), to the 
IPM 14, for example. In other words, a signal signifying 
a switching pattern for IPM 14 is output so that currents 
iu, iv, and iw flow in accordance with the reference cur- 
rent (ld*,lq*), and, when reference torque T* is in the 
regeneration region (region in Fig. 2 where T<0), a turn- 
on command is supplied to thyristor Dr. The operations 
in steps 102 to 110 above are repeated (112) until IG is 
turned off by the vehicle operator. When IG turns off, 
controller 16 turns off switches SW1 and SW2 at an ap- 
propriate point of time (114) and thereby interrupts the 
supply of power from battery 1 2 to motor 1 0. 

The adjustment of the IPM input voltage shown in 
step 108 is executed in the procedure shown in Fig. 4. 
In other words, controller 16 computes (200) (Vd*, Vq*), 
for example, according to the following equation: 

Vd = (R+pLdHd* -co-Lq*lq* 



Vq = aH_d»ld* + (R+pLq)»lq*+<o«E0 
where 

5 

R: resistance of motor winding 
Ld, Lq: d axis and q axis inductances of motor wind- 
ing 

go: motor electrical angular velocity 
10 E0: speed voltage (electromotive force by perma- 
nent magnet) 
p: differential operator 

Or, instead of this, (Vd*,Vq*) may be determined accord- 
is ing to the following equation: 

Vd = Kp*Ald+Ki»/Ald-co-Lq»lq 

20 

Vq = Kp»Alq+Ki«J Alq+wLdHd+coEO 
where 

25 

Aid = ld*-ld 
Alq = lq*-lq 

30 

(Vd*, Vq*) obtained in this manner indicates a voltage 
necessary to achieve reference torque T* or reference 
current (ld*,lq*). Controller 16 further determines volt- 
age V according to the following equation: 

35 

V= k»(Vd 2 + Vq 2 ) 1/2 

where k is a coefficient for converting the motor terminal 

40 voltage into the IPM input voltage. Voltage V obtained 
in this manner is the IPM input voltage required to 
achieve the target operating point for motor 10, namely, 
(T*,N). Controller 16 judges whether or not this voltage 
V exceeds VB (204) and VI (206). If the condition of 

45 V>VB is not satisfied, controller 1 6 transfers to step 1 1 0 
without boosting by booster 24 since it is assumed that 
the target operating point (T*,N) can be achieved when 
the present battery voltage VB is applied substantially 
as VI to IPM 14 through diode Df. If the condition of 

so V>VB is satisfied and booster 24 has not started oper- 
ation, V>VI will surely be satisfied so that the operation 
of controller 16 transfers to step 208, namely, a com- 
mand operation for the boost ratio for booster 24. In step 
208, controller 16 initiates an operation to control tran- 

55 sistors Tr1 and Tr2 so that VI, which satisfies V<VI, can 
be obtained. Furthermore, even after the boost opera- 
tion by booster 24 has started, there may be instances 
where the condition of V>VI is satisfied due to insuffi- 
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cient boost ratio, in which case (206) step 208 is also CI 
executed. 

The above-mentioned control procedures in this 1. 
embodiment secure the power driving region (in partic- 
ular the speed range) and improve the motor system ef- s 
ficiency based on the principle shown in Fig. 2. 

Fig. 5 shows a system configuration of an electric 
vehicle related to a second embodiment of the present 
invention. In this embodiment, instead of inrush preven- 
tion circuit 22, a switch SW is used to switch battery 12 io 
to IPM 14 or booster 24, and diode Df and thyristor Dr 
have been obviated. Accompanying this, there is also a 
change in the procedures for operation of controller 16. 

First, although the control to turn on switches SW1 
and SW2 was performed with a time difference in step is 
100 of Fig. 3 in the above-mentioned embodiment, in 
this embodiment, switch SW is first switched to position 
1 in step 100 and thereby battery 12 is connected to 
booster 24 having a built-in boost reactor L. Controller 
1 6 turns on source-side transistor Tr1 and turns off sink- 20 
side transistor Tr2 to form a state where battery 1 2 is 
connected to IPM 1 4 through boost reactor L so that the 
charging of smoothing capacitor C through boost reac- 
tor L achieves a function identical to that of inrush pre- 
vention circuit 22 in the first embodiment. Furthermore, 25 
after the elapse of time where smoothing capacitor C 
has been considered to be sufficiently charged, control- 
ler 1 6 switches switch SW to position 3 so that battery 2. 
12 is connected to IPM 14. 

Thereafter, as in the above-mentioned first embod- 30 
iment.the procedures of steps 102 to 110 are repeatedly 
executed until vehicle operator turns off IG. However, 
when reference torque T* is in the regeneration region, 
instead of the control to turn on thyristor Dr, a control to 
turn on transistor Tr1 and turn off transistor Tr2 is per- 35 
formed. This sort of control forms a current path through 
boost reactor L similar to that immediately after IG is 
turned on so that braking energy to battery 12 can be 
regenerated. Alternatively, the braking energy can be 
regenerated by switching the switch SW to position 3. *o 3. 
After IG has been turned off, controller 16 switches 
switch SW to position 2 to disconnect battery 12 from 
IPM 14 and from booster 24. 

This sort of configuration and procedures enable 
the output region of motor 10 to be extended and the *5 
system efficiency to be improved as in the above-men- 
tioned first embodiment. Furthermore, in this embodi- 
ment, the inrush prevention circuit and so forth can be 
obviated. 

While there have been described what are at so 
present considered to be preferred embodiments of the 
invention, it will be understood that various modifica- 
tions may be made thereto, and it is intended that the 
appended claims cover all such modifications as fall 4. 
within the true spirit and scope of the invention. ss 



A driving controller (16) for controlling a permanent 
magnet type synchronous motor (10) using a power 
converter (14) that is connected between a battery 
(12) and the permanent magnet type synchronous 
motor (10) and converts a battery voltage (VB) to a 
motor current (iu, iv, iw); said driving controller (16) 
comprising: 

a booster (24) for boosting said battery voltage 
(VB) before being supplied to said power con- 
verter (14) according to a command; 
judgment means (204) for judging, based on a 
detected value of said battery voltage (VB), 
whether or not a target operating point (T*. N) 
for said permanent magnet type synchronous 
motor (10) is in an output range thereof; and 
extending means (208) for extending, when it 
has been determined by the judgment means 
(204) that the target operating point (T*. N) is 
not in the output range, said output range so as 
to cover the target operating point (T*, N) by 
issuing the command to said booster (24) ac- 
cording to the location of said target operating 
point (T*. N). 

The driving controller (16) according to claim 1 fur- 
ther comprising an autonomous gate element (Df) 
for forming or interrupting a conduction path in ac- 
cordance with a difference in the voltages before 
and after the booster (24), the conduction path be- 
ing provided between said battery (12) and said 
power converter (14) that does not pass through 
said booster (24); 

whereby said booster (24) is automatically by- 
passed by said autonomous gate element (Df) 
when boosting is not being performed. 

The driving controller (16) according to claim 1 fur- 
ther comprising: 

a controllable gate element (Dr) for forming or 
interrupting a conduction path in accordance 
with a gate command, the conduction path be- 
ing provided between said battery (1 2) and said 
power converter (14) that does not pass 
through said booster (24); and 
means (110) for providing the gate command 
to said controllable gate element (Dr) to forcibly 
form said conduction path when said target op- 
erating point (T*. N) is on the regeneration side. 

The driving controller (16) according to claim 1 
wherein: 

said booster (24) includes a passive element 
(L) for storing the energy discharged from said 
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battery (12) and an active element (Tr1 , Tr2) for 
selectively connecting said passive element (L) 
to a positive side or a negative side of said pow- 
er converter (1 4) according said command; and 
said driving controller (16) includes command s 
means (110) for issuing said command to said 
active element (Tr1 , Tr2) in accordance with the 
position of said target operating point (T*. N) 
and the result of a judgment in the judgment 
means (204) when the target operating point 10 
(T*, N) is on the power driving side and so that 
a conduction path passing through said passive 
element (L) is formed between said battery (12) 
and said power converter (14) when the target 
operating point (T*. N) is on the regeneration *s 
side and when said permanent magnet type 
synchronous motor (10) is to be started. 
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(54) Controller for driving a permanent magnet type synchronous motor 



(57) A motor terminal voltage or IPM input voltage 
necessary to achieve a target operating point (T*. N) is 
computed based on torque command (T*) and motor 
revolution (N). When the computed voltage (V) exceeds 
an actual battery voltage (VB), a booster is inserted be- 
tween the battery (1 2) and IPM (14), and the battery volt- 



age, after being boosted, is applied between the direct 
current terminals of the IPM (14). Since the motor ter- 
minal voltage can be made so as to not exceed the 
boosted voltage even if the motor terminal voltage rises 
along with a rise in revolution (N) and speed voltage 
(wEO), field weakening control becomes unnecessary. 
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